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II. Geometrically nonlinear theory of martensite for the formation of microstructure under uniaxial compression
In this section of the SI, we will give a mathematical statement for determination of martensite variant that will form in favor of the uniaxial compressive loading condition.
II.1 Kinematics
Consider a Au 30 Cu 25 Zn 45 pillar defined in Figure S1 subjected to w : h = 1 : 3 as caved from a single grain of austenite before loading. Upon loading, the cubic to monoclinic phase transformation will be induced by the uniaxial compressive stress. Such a symmetry-breaking transformation results in a set of 12 distinct martensite variants 13 : M = {U 1 , ..., U 12 } yielding the following order,
The values α = 1.0591, = 0.0073, δ = 1.0015 and γ = 0.9363 are determined by the lattice parameters of austenite and martensite, which were measured by the X-ray diffraction experiment 12 . The blue domain Ω M in Figure S1 is considered as a mixture of deformations of martensite due to the structural phase transformation. Let f ∈ [0, 1] represent the average volume fraction for twinning, the average deformation gradient within the martensite region can be interpreted as
for U,Û ∈ M related byÛ = (−I + 2e ⊗ e)U(−I + 2e ⊗ e) where e is one of the two-fold axes of austenite, |e| = 1.R f ∈ SO(3) is some rigid rotation depending on f . The austenite and martensite interface m (also called the habit plane by metallurgists), can be determined from the crystallographic equation
for some vector b ∈ R 3 . This equation is not generally solvable due to the lack of compatibility between the two lattices. Once the cofactor conditions are satisfied, we can find a pair of solutions to the Eq. (S5) for every f ∈ [0, 1] 13 . In particular, f = 0 and f = 1 correspond to the habit plane between a single martensite variant and austenite.
Figure S1: Kinematic model for microstructure evolution from austenite to martensite subjected to uniaxial compression.
II.2 Crystallography
We utilized the X-ray Laue microdiffraction to characterize the crystallographic orientation of by the polychromatic synchrotron X-rays from which we collected a sequence of Laue patterns to construct the orientation mapping for the sample surface by the method outlined in reference 15 . Figure S2 
II.3 Energy minimization
In the scenario that the reference configuration in austenite phase is deformed by a uniaxial loading, the total free energy E depends on the deformation gradient ∇y, where y :
The first term of integrand is the Helmholtz free energy density. P is the first Piola-Kirchhoff stress defined as
where σ < 0 for compression andN is the outer normal of top surface of the pillar, measured in previous section. We need to find a deformation gradient F ∈ R 3×3 that minimizes φ(F) − P : F, and the minimizing deformation will be given by y = Fx for x ∈ Ω.
For the martensitic transformation, we have the martensite energy wells
Thus, we can find a martensite variant from the set M that minimizes Eq. (S8) with the application of the load given in Eq. (S9) by solving the following maximization problem:
Since σ < 0, this maximization problem can be converted to a minimization problem 28 :
subjected to some constraint on rotation matrix R to avoid the case that RN = −N. By direct calculation, (S11) is minimized by four martensite variants and they are U 1 , U 2 , U 3 and U 12 listed in (S1)-(S3). The uniaxial recoverable strain is calculated by
and the shear strain is determined by
for F =RU that solves the crystallographic equation (S5). In the case of U 1 , there exist two conjugate solutions forR, vector b and the habit plane m listed in Table S1, which result Table S1 : Two solutions of the crystallographic equation (S5) for variant U 1 .
II.4 Deformation by forming (101) type I twin
We construct a set of twin lamellae by the variant U 1 and variant U 5 listed in (S1) and (S2), which satisfy the cofactor conditions for (101) type I twin closely (verified in reference 15 ). A deformation sequence is proposed as
(S14)
The deformation gradient 
This function ensures a rank-1 interface between the two martensite variants 13 . The function g ( f ; x) defines the austenite and twinned martensite interfaces consisting of alternative 
The vector p f is the vertex of a triple junction at which the martensite twin pair meet austenite as shown in Figure S4 . 
